Thermodynamics of antiparallel hairpin-double helix equilibria in DNA oligonucleotides from equilibrium ultracentrifugation.
Five highly palindromic DNA dodecamers, four of which may form G-A or I-A purine-purine mispairs at either the 5.8 or 6.7 positions, have been studied at sedimentation equilibrium in the analytical ultracentrifuge. Each DNA oligonucleotide forms an equilibrium mixture of ordered antiparallel hairpin and double-stranded helical structures in solutions of 0.1 or 0.5 M NaCl between 5 and 40 degrees C. The dimeric duplex is favored by conditions of high salt and low temperature. The monomer-dimer equilibrium constants vary from 5 x 10(6) to 5 x 10(3) and are unique for each DNA dodecamer. Analysis of the temperature dependence of the equilibrium constants shows that the double helix to hairpin conversion is driven by a positive entropy change and is associated with an endothermic enthalpy change. The mispair substitutions at the 5.8 positions and the IA(6.7) mispair have the greatest tendency toward hairpin formation and exhibit significantly larger entropy changes than the nonmispaired dGGTACGCGTACC parent sequence and the thermodynamically similar GA(6.7) DNA. The consequences of such hairpin-double helix equilibria must be considered in the interpretation of other kinds of experiments carried out on oligonucleotides at different concentrations.